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(54) STEEL PLATES FOR DRUM CANS, METHOD OF MANUFACTURING THE SAME, AND DRUM 
CAN 

(57) Newly developed were steel sheets for drums, 
which specifically have an N content falling between 
0.0050 and 0.0200 % by weight with increased solute N 

therein, and have an Nb content falling between 0.003 

and 0.10 % by weight, and in which the grains are fine 
and have a small mean grain size. The stee! sheets for 
drums are characterized by having higher mechanical 
strength at room temperature and even at high temper- 
atures than conventional drum sheets, and having bet- 
ter low-temperature toughness than the latter. As a 
result, newly provided were thinner and more light- 
weight drums than conventional ones, and the fre- 
quency of recycling the drums is higher than that of 
recycling conventional drums. Also proposed herein are 
methods for surely producing the steel sheets. 
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Description 
TECHNICAL FIELD 

s [0001] The present invention relates to a steel sheet for drums, to a method for producing it. and to a drum. More 
precisely, it relates to a technique for producing steel sheets that are thinner and more lightweight and have higher high- 
temperature strength and low-temperature toughness than conventional ones, and also to a technique for forming the 
sheets into drums that are recyclable many times repeatedly. 

10 BACKGROUND OF THE INVENTION 

[00021 Drums refened to herein are grouped into open drums as stipulated in the Japanese Industrial Standard (here- 
inafter. JIS) Z 1600 and closed drums as stipulated in JIS Z 1601. These drums are made of steel sheets, and each 
composed of a disc-like top board to be a lid. a disc-like base board to be a bottom, and a body board to be formed into 
is a cylindrical body through bending and seam-welding. To form the open drum, a base board only is bonded to one end 
of the cylindrical body through "seaming", while a top board is detachably attached to the other end thereof. The closed 
drum is a closed container, for which a top board and a base board are bonded to the both ends of the cylindrical body 

through seaming. The "seaming" as referred to herein is a technique of joining two steel sheets, for which one end of 

one sheet is put on one end of another sheet, and the thus-overlapping ends are seamed in one and the same direction 
so to be bonded together. Depending on the number of the 6eaming operations, known are different types of "double- 
seaming", "triple-seaming", etc. 

[0003] The drums are chemically processed or coated on their outer surfaces and optionally even on their inner sur- 
faces. As being containers for transportation and storage of substances to be therein, the drums are required to meet 
good dimension accuracy and sound welding and bonding (seaming). In addition, they are further required to have high 

2S strength. This is because, if the drums are deformed due to outer force imparted thereto while they are transported or 
so. not only the deformed drums are difficult to stack up in order but also they will lose good appearance. For these rea- 
sons, an airtightness test (hydraulic test), a drop test, a stacking test and others for the drums are stipulated in JIS. 
[0004] As the materials for the top board, the base board and the body plate for the drums, in general, hot-rolled mild 
steel sheets (steel strips) as stipulated in JIS G 3131. or cold-rolled steel sheets (steel strips) as stipulated in JIS G 

30 3141 have heretofore been used. Concretely, they are cold-rolled sheets of low-carbon aluminium killed steel as proc- 
essed in a "box annealing line" or in a "continuous annealing line". One typical composition of the steel comprises C of 
from 0.05 to 0.10 % by weight, Mn of from 0.2 to 0.5 % by weight, Si of smaller than 0.05 % by weight, Al of from 0.02 

to 0.06 % by weight, and N of from 0.001 5 to 0.0030 % by weight The steel sheets are characterized by having an yield 

stress (YS) of around 225 MPa, a tensile strength (TS) rjf around 340 MPa and a degree of elongation (EL) of around 
35 42 %. Their thickness falls between 0.5 and 1 .6 mm. For example, for 200-liter closed drums (grade 1 . dass H) that are 
much used anywhere, the steel sheets have a thickness of 1 .6 mm. Hot-rolled steel sheets may be used for some thick 
drums, but the frequency of using hot-rolled steel sheets tor drums is lower than that of using cold-rolled steel sheets 
for them. 

[0005] With the recent demand for reducing the production costs for drums, the thickness of the steel sheets for drums 
40 is being reduced. To meet this object, the strength of drums made of thin steel sheets must be comparable to that of 
ordinary drums. For this, the strength of steel sheets themselves tor drums must be increased over that of ordinary steel 
sheets. However, for increasing the strength of steel sheets, various problems, especially those mentioned below must 
be solved, apart from the requirements for ordinary steel characteristics of good weldability, formability. etc. 

45 (1) Improvement in "seamability" of steel sheets: 

[0006] In general, steel sheets with increased strength are often difficult to work (this ts hereinafter referred to as poor 
workability). The same shall apply to seaming of high-strength steel sheets, and high-strength steel sheets are often 
incompletely seamed. Incompletely seamed drums often leak the contents. In other words, they do not pass the drop 
so test as stipulated in JIS. Recently, therefore, "triple seaming" has been being replaced for the previous "double seam- 
ing" in some cases, for the purpose of ensuring good "seaming" of steel sheets into drums. However, increasing the 

number of the seaming steps is unfavorable in that not only the seaming process is complicated but also the amount of 

the steel sheets necessary for forming drums increases. At present therefore, it is desired to improve the characteris- 
tics of steel sheets themselves for ensuring sound seaming in drums as previously, without increasing the number of 
S5 the seaming steps in producing drums. 
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(2) Improvement in "strength at high temperatures (hereinafter, high-temperature strength)" of steel sheets: 



[0007] In general, drums are not scrapped after having been used only once, but shall be used repeatedly many times 
in the same or different uses. Speoficafly, drums having been once filled with contents are, after their use. washed to 

5 clean their inside, and are repeatedly used 4 or 5 times on average. In recycling used drums, the deposits on their inside 
and the coating on their outer surface must be completely removed. To remove them, in general, used drums are shot- 
blasted. While being shot-blasted, drums are often deformed as a large number of steel balls and the like collide against 
the steel walls of the drums at a high speed. Too much deformed drums could not be stacked up, and could not be recy- 
cled. Therefore, the degree of deforming of drums is one factor that determines as to whether or not the drums are recy- 

io clable and how many times they are recyclable (hereinafter, recyclabifity). As a result of the present inventors' 
experiments, it has been found that the deformation of drums owing to shot-blasting could not be prevented even when 
the strength at room temperature (hereinafter, room-temperature strength) of the steel sheets for drums is increased. 
This is because, prior to shot-blasting, the contents of drums are removed through incineration, for which drums are 
heated at about 800°C (hereinafter, incineration). In that case, drums are often shot-blasted before being completely 

is cooled. For these reasons, in addition to the reduced deformability of drums in shot-blasting at room temperature, the 
reduced deformability thereof under heat at high temperatures and even that in shot-blasting during the subsequent 
cooling step are important factors for the recyclabilrty of drums. Specifically, the steel sheets for drums must have high 
strength even the drums are within a temperature range falling between 300 and 600°C or so. 

"o (3) Security for low-temperature toughness: 

[0008] Heretofore, drums have not been produced on condition that their low-temperature characteristics are on a 
satisfactory level. Recently, however, drums have been being much used in plants that require a low temperature of - 
40°C or in coldest districts. Therefore, drums are now required not to leak the contents in the drop test at low tempera- 

25 tures. For this, steel sheets for drums must have good low-temperature toughness, especially even after having been 
seamed. In general, high toughness of steel sheets is contradictory to high strength thereof. 
[0009] At present, the problems of the above-mentioned (1 ) to (3) are not still solved even by steel sheets for drums 
that have been improved to have high strength according to known means. For example, for increasing the strength of 
steel sheets, known are various means of solute enhancement to be attained by addition of an increased amount of 

so alley elements to steel, working enhancement (see JP-A-56-77039). precipitation hardening, etc. However, all these 
means are effective in increasing the room-temperature strength of steel sheets in some degree, but rather lower the 

low-temperature toughness and the ductility thereof and even worsen the "seamability" thereof. In addition, it is difficult 

to ensure satisfactory high-temperature strength of steel sheets according to those means. 

[0010] Also known is a reinforcing method for steel sheets, which comprises heat-treating a steel sheet to thereby 
35 change the metallographic structure of the sheet and by which the crystal grains constituting the sheet are made fine 
or precipitate products (bainrte, etc.) having been transformed at relatively low temperatures are formed in the sheet. 
However, even the steel sheets and the drums having been processed according to the reinforcing method are often 
deteriorated and their strength or toughness is lowered while the steel sheets are welded together or while the contents 
of the drums are incinerated. 

o [001 1 ] As mentioned hereinabove, steel sheets that satisfy all the necessary requirements for drums have not been 
developed as yet. At present, therefore, satisfactorily thin drums could not be produced. Given that situation, the object 
of the present invention is to provide steel sheets for drums that are thinner and more Dghtweight and have higher high- 
temperature strength and low-temperature toughness than conventional ones, and a method for producing them, and 
also to provide drums of such steel sheets that are recyclable many times repeatedly. The steel sheets for drums are 

45 required to have a tensile strength (TS) at room temperature (25°C) of at least 370 MPa, preferably at least 410 MPa. 

and a degree of elongation of at least 35 %. 

DISCLOSURE OF THE INVENTION 

so [0012] In order to attain the object noted above, we. the present inventors have assiduously studied the composition 
of steel sheets for drums, and the characteristics thereof and the production method for them. As a result, we have 
noted two different means for solving the outstanding problems, and have confirmed that the both two are effective for 
attaining the object Based on these, we have completed the present invention. 

[001 3] One technical idea (hereinafter, the first technical idea) of the inventors is based on the following finding: When 
ss a steel sheet which exhibits a relatively low strength while it is formed into drums and of which the strength is expected 
to significantly increase in the subsequent coating or baking step is used as the material for forming drums, then it sat- 
isfies the two requirements of excellent drum formability and increased strength of drums to be formed. The means for 
embodying this technical idea comprises positively forming solute N in steel, without being based on the conventional 
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steel reinforcement with solute C. Specifically, for this, the amount of specific elements such as C, Si. Mn, Al and others 
to be in steel is limited, while the amount of solute N (nitrogen) therein is increased, and. in addition, the conditions for 
heat treatment and rolling of steel are controlled suitably. Another technical idea (hereinafter, the second technical idea) 
is as follows: A minor amount of Nb is incorporated into low-carbon aluminium killed steel, and the heat-treatment con- 
5 dition and the rotling condition for this are optimized, whereby the metallographic grains constituting the steel are made 
fine. 

£001 4] Specifically, the invention based on the first technical idea is a steel sheet to be used as the material for drums, 
which is characterized by containing: 

10 C of from 0.01 to 0.10 % by weight 

Si ol from 0.01 to 0.20 % by weight. 

Mn of from 0.05 to 1 .0 % by weight 

P of at most 0.04 % by weight. 

S of at most 0.03 % by weight. 
is Al of from 0.001 to 0. 1 50 % by weight, and 

N of from 0.0050 to 0.0200 % by weight. 

with the balance of Fe and inevitable impurities. 

[001 5] The invention is also a steel sheet for drums, in which at least 0.001 0 % by weight of N is in the form of solute 
so N. and which has a degree of elongation of at least 35 %. 

[001 6] The invention is also a steel sheet for drums, which is a cold-rolled steel sheet or a mill scale-coated, hot-rolled 
steel sheet. 

[001 7] Relating to the production of those steel sheets, the invention provides a method for producing steel sheets for 
drums, which comprises hot-rolling a steel slab of a composition that contains: 

25 

C of from 0.01 to 0.10 % by weight. 
Si of from 0.01 to 0.20 % by weight. 
Mn of from 0:05 to 1 .0 % by weight. 
P of at most 0.04 % by weight, 
30 Sof at most 0.03% by weight 

Al of from 0.001 to 0.150 % by weight, and 
N of from 0.0050 to 0.0200 % by weight, 

with the balance of Fe and inevitable impurities, at a finishing delivery temperature of not lower than 800°C, then cooling 
35 it in an accelerated cooling manner within 2 seconds after the finish of the hot-rolling, and thereafter coiling it at a coiling 
temperature of not higher than 680°C. 

[001 8] The method for producing steel sheets for drums of the invention noted above may further comprise washing 
the resulting steel sheet with acid, cold-rolling it after the acid washing, annealing it at a temperature not lower than the 

recrystallization temperature of the sheet, and temper-rolling it 

40 [001 9] The invention based on the second technical idea is a steel sheet to be used as the material for drums, which 

is characterized by containing: 

C of from 0.01 to 0.1O % by weight. 
Si of from 0.01 to 0.20 % by weight 
4s Mn of from 0.05 to 1 .0 % by weight, 

P of at most 0.04 % by weight. 
S of at most 0.01 % by weight 
Al of from 0.001 to 0.1 50 % by weight. 
N of at most 0.0050 % by weight, and 

so Nb of from 0.003 to 0. 1 0 % by weight. 

with the balance of Fe and inevitable impurities. 

[0020] The invention is also a steel sheet for drums, which additionally contains Ti of from 0.005 to 0. 10 % by weight, 
or in which the grains in the ferrite phase appearing in the metallographic structure have a mean grain size of not larger 

55 than 10 um. 

[0021] The invention is also a steel sheet for drums, which is a mill scale-coated, hot-rolled steel sheet. In this, the 

mill scale may contain magnetite in an amount of at least 80 % by volume, or it may have a thickness of not larger than 

5 um. 
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[0022] In addition, the invention is also a steel sheet for drums, which is a cold-rolled steel sheet 

[0023] Relating to the production of those steel sheets based on the second technical idea, the invention provides a 

method for producing steel sheets for drums, which comprises hot-rolling a steel slab of a composition that contains: 

C of from 0.01 to 0.10 % by weight 
Si of from 0.01 to 0.20 % by weight, 
Mn of from 0.05 to 1 .0 % by weight 
P of at most 0.04 % by weight, 
S of at most 0.01 % by weight 
Al of from 0.001 to 0.150 % by weight 
N of at most 0.0050 % by weight, and 
Nb of from 0.003 to 0.10 % by weight. 

with the balance of Fe and inevitable impurities, at a finishing delivery temperature of not lower than 750°C. then cooling 

it in an accelerated cooling manner within 2 seconds after the finish of the hot-rolling, and thereafter coiling it at a coiling 

temperature of not higher than 700°C. 

[0024] The method for producing steel sheets for drums of the invention noted above may further comprise washing 
the resulting steel sheet with acid, cold-rolling it after the acid washing, annealing it at a temperature not lower than the 
recrystaliization temperature of the sheet, and temper-rolling it. 

[0025] The drum of the invention is composed of a cylindrical body plate, and a top board to be a lid and a base board 
to be a bottom that are fitted to the ends of the body plate and are in the form of a disc, and this drum is characterized 
in that one or more of the body plate, the top board and the base board are made of any of the steel sheets for drums 
mentioned above. 

BEST MODES FOR CARRYING OUT THE INVENTION 

[0026] First described is the chemical composition of the steel sheet for drums of the invention. For this, the elements 
common to both the steel sheet based on the first technical idea and that based on the second technical idea are 
described in the former part, while those not common to them are in the latter part 

C: from 0.01 to 0.10 % by weight 

[0027] C is in the matrix iron as solute C. and enhances the strength of steel sheets. However, if its amount is larger 

than 0.10 % by weight, too much C will form a large amount of carbide precipitates and will lower the ductility of steel 

sheets. In addition, when steel sheets containing too much C are welded, the welded part will be too much hardened. 

When the welded part thus having been too much hardened is in the flanges of drums, the flanges are much cracked. 
For these reasons, in the invention, the uppermost limit of the C content is defined to be 0. 1 0 % by weight in view of the 
formability of the steel sheet. For better formability of the steel sheet the C content is preferably at most 0.08 % by 
weight If, on the other hand, the C content is lower than 0.01 % by weight the strength (at room temperature and at 
high temperatures) of the steel sheet is greatly lowered, and the steel sheet could not ensure the intended strength. If 
so. in addition, the strength of the welded part of the sheets is also lowered. For these reasons, the lowermost limit of 
the C content in the invention is 0.01 % by weight. 

Si: from 0.010 to 0.20 % by weight 

[0028] Si is useful as an element for reinforcing steel sheets. In order to effectively exhibit its effect Si must be in steel 
sheets in an amount of at least 0.01 % by weight. However, if too much Si is therein, hot-rolling and cold-rolling of the 
steel sheets will be difficult. In addition, the surface processability (especially, the chemical processability) and also the 
corrosion resistance of the steel sheets will be poor. If much more Si is therein, the welded part of the steel sheets is 

too much hardened, and is undesirable. For these reasons, the uppermost limit of the Si content in the invention is 0.20 

% by weight. Especially for drums to be used for corrosion resistance, the Si content is preferably at most 0.10 % by 
weight 

Mn: from 0.05 to 1 .0 % by weight 

[0029] Mn is an element for preventing thermal cracking of steel sheets to be caused by S. and its content shall vary 
depending on the S content of steel sheets. In addition, Mn has the metallographic effect to make the grains in steel 
sheets fine. Therefore, it is desirable that the Mn content is at least 0.05 % by weight However, too much Mn will worsen 
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the corrosion resistance of steel sheets and will harden steel sheets too much, and cold-rolling of such too much-hard- 
ened steel sheets is difficult. If much more Mn is in steel sheets, the wettability of the steel sheets will be poor and, in 
addition, the formability of the welded parts will also be poor. For these reasons, in the invention, the Mn content is lim- 
ited to be at most 1 .0 % by weight For steel sheets having better corrosion resistance and better formability, it is desir- 
5 able that the Mn content is at most 0.60 % by weight. 

AI: from 0.001 to 0.150 % by weight 

[0030] AI is added to steel melt for deoxidation during steelmaking. and this is an element useful for increasing the 
to degree of cleanliness of steel. In addition, it has the metallographic acton to make the grains in steel fine. To the steel 
sheets for drums of the invention. AI is positively added in an amount of at least 0.001 % by weight If. however, the AI 
content is larger than 0. 1 50 % by weight, the surface properties of the steel sheets are worsened (for example, surface 
defects to be caused by alumina clusters increase). Therefore, in the invention, the uppermost limit o1 the AI content is 
up to 0.150 % by weight. For more stabilizing the properties of the steel sheets (for example, for preventing the fluctu- 
15 ation of yield stress to be caused by the variation in the production factors), the AI content is more preferably from 0.01 0 
to 0.08 % by weight. 

P: at most 0.04 % by weight 

so [0031] Too much P will greatly harden steel. Forming too hard steel into flanges of drums is difficult. In addition, too 
much P will greatly lower the corrosion resistance of steel sheets. Further, since P greatly segregates in steel, the 
welded parts of steel containing too much P are often brittle. For these reasons, in the invention, the P content is limited 

to at most 0.04 % by weight. Preferably, the P content is at most 0.02 % by weight. 

25 S: at most 0.03% by weight 

[0032] S exists in steel in the form of compositions of long extended non-metallic inclusions, and it lowers the worka- 
bility (including ductility, bendability. bend-rebend formability. etc.) of steel sheets, and also lowers the corrosion resist- 
ance thereof. Therefore, the S content is as small as possible. However, as a result of the inventors' experiment, it has 
30 been found that the S content of up to 0.03 % by weight is allowable. For steel sheets having better workability, ft is 
desirable that the S content is at most 0.007 % by weight 

[0033] The N content of the steel sheets of the invention shall vary depending on the first technical idea (for reinforce- 
ment of steel owing to increased solute N) and the second technical idea (for forming finer grains in steel by Nb addi- 
tion). Specifically, the N content of the former steel sheet is an important factor of the invention, while that of the latter 
35 one is not so much important. Therefore, the N content is differentiated between the two. and is separately mentioned 
below. 

N in the steel sheet based on the first technical idea: from 0.0050 to 0.0200 % by weight 

40 [0034] N may be in steel in the form of solute N, and its effect is to increase the strength of steel sheets. In the inven- 
tion based on the first technical idea, at least a predetermined amount of solute N is ensured in steel, whereby the 

strength of the steel is increased owing to the phenomenon of so-called "solid solution hardening". For this, the N con- 
tent of the steel sheet mist be at least 0.0050 % by weight or mere. However, too much N over 0.0200 % by weight will 
produce many defects (Wow holes, etc.) inside the steel sheet. In addition, when steel melt containing too much N is 

45 cast, the cast steel slabs are often cracked. For these reasons, in the invention based on the first technical idea, the N 
content is defined to fall between 0.0050 and 0.0200 % by weight In order to stabilize the property of the steel sheet 
(for example, to prevent the steel sheets as produced under different conditions from having different properties) and to 
increase the production yield of the steel sheet, the N content is more desirably from 0.0070 to 0.0170 % by weight. 
[0035] The N content falling within the defined range does not interfere at all with the necessary wettability of the steel 

so sheet and even the workability of the welded parts in forming the steel sheet into drums, but is rather effective for 
increasing the strength of the steel sheet In one example where a steel sheet sample having the N content noted above 
was formed into cylindrical bodies for drums through seam-welding, no significant increase in the degree of hardness 
of the welded part was found. The solute N as referred to herein is meant to indicate N that exists in steel in the form of 
its solid solution but not in the form of nitrides or other inclusions. The solute N content of steel may be obtained by sub- 

53 trading the value as obtained through "precipitate N analysis" in bromide ester dissolution of a steel sample, from the 

total N content of the steel sample. 
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N in the steel sheet based on the second technical idea: at most 0.0050 % by weight 

[0036] To the steel sheet, solid solution reinforcement with N is not directed. Therefore, it is unnecessary to specifi- 
cally increase the N content of the steel sheet. Too much N in the steel sheet will rather interfere with the property- 

5 improving effect of Nb therein. In addition, when steel melt containing too much N is cast, the cast steel slabs are often 
cracked. For these reasons, the N content is desirably as small as possible. However, as a result of the inventors' exper- 
iment it has been found that the N content of up to 0.0050 % by weight is allowable. Therefore, the uppermost limit of 
the N content is herein 0.0050 % by weight. For drums having higher strength and for steel sheets having higher low- 
temperature toughness, the N content is preferably at most 0.0040 % by weight 

io [0037] In the steel sheet based on the second technical idea additionally contains Nb and Ti in place of the solute N 
noted above. The reasons for defining the amounts of those additional elements are mentioned below. 

Nb: from 0.003 to 0. 1 0 % by weight 

75 [0038] Even when existing only in a minor amount Nb exhibits its metallographic effect to make the grains in steel 
fine (concretely, to make the grains in the ferrite phase in steel fine). Thus. Nb in the steel sheet of the invention signif- 
icantly increases the strength of the steel, and improve the low-temperature toughness of the "seamed" part of the steel 
sheet In addition, H is further effective in preventing the grains in so-called "seam-welded parts" of drum bodies from 
growing to be coarse grains. In forming drums, a top board and a base board are bonded to the ends of a seam-welded 
, vj body through seaming, and flanges are previously formed around the parts of the body to be seamed with those boards. 
In this drum-forming process, the fine grains as formed in the steel sheet in the presence of Nb act effectively for pre- 
venting the sheet from being cracked while the flanges are formed around the body of the sheet In addition, the pres- 
ence of such a minor amount of Nb in steel increases the strength of the steel sheet within a temperature range falling 
between 300 and 600°C. and increases the high-temperature creep strength and even the high-temperature pressure 
25 resistance of the drums made of the steel sheet. Moreover, in the process of producing the steel sheet comprising coil- 
ing up the rolled steel strip, the Nb carbides formed further enhance the strength of the coiled sheet through so-called 
"precipitation hardening". Therefore, Nb in steel is effective for increasing the strength of the steel sheet especially for 
elevating the yield stress thereof. Nb in steel exhibits its effect as above, when its amount is at least 0.003 % by weight. 
Therefore, in the invention, the lowermost limit of Nb in the steel sheet is defined to be 0.003 % by weight On the other 
ao hand, however, rf the Nb content is larger than 0.10 % by weight, thermal deformation resistance of the steel sheet 
increases, whereby hot-rol5ng of the sheet will be somewhat difficult For these reasons, in the invention, the uppermost 
limit of the Nb content is defined to be up to 0.10 % by weight For further facilitating the production of the steel sheet 

and for preventing the increase in the deformation resistance of the steel sheet, the Nb content is more preferably from 

0.0O3 to 0.030 % by weight. 

35 

77: from 0.005 to 0.10 % by weight 

[0039] Ti is effective for preventing steel slabs to be rolled from being cracked. The steel sheet based on the second 
technical idea may optionally contain Ti. Ti exhibits its effect when it is in the steel sheet in an amount of at least 0.005 
) % by weight. On the other hand, however, if the Ti content is larger than 0.1 0 % by weight, the formabflity of the seam- 
welded part of the steel sheet into drums will be somewhat poor. In particular, too much Ti in the steel sheet will interfere 
with sound "seaming" of the sheet into drums. For these reasons, in the invention, the Ti content is defined to fall 
between 0.005 and 0.10 % by weight 

[0040] The other elements in the steel sheets based on the first and second technical ideas are Fe and inevitable 
45 impurities. For the elements corresponding to the inevitable impurities, it is desirable that Cu is limited to at most 0.2 % 
by weight Ni to at most 0.2 % by weight Cr to at most 0.2 % by weight and Mo to at most 0.2 % by weight This is 
because these elements may increase the strength of the steel sheets, but often greatly tower the weldability of the 
steel sheets, and the workability and the chemical processability of the welded parts of the sheets. 
[0041] The steel sheets for drums of the invention may be any of so-called "hot-rolled sheets" which are produced by 

a* hot-rolling steel slabs, or so-called "cold-rolled sheets" which are produced by further cold-rolling the hot-rolled sheets, 

provided that they satisfy the chemical composition noted above. Therefore, in consideration of the different technical 
ideas to be the basis of the invention, the invention basically encompasses four different types of steel sheets. Where 
the steel sheets are further differentiated in accordance with the different treatments (for example, acid-washing, tem- 
per-rolling, eta), to be applied to them while they are produced, they are grouped into six different types in total. Now, 
55 methods for producing the steel sheets for drums of the invention are mentioned below. 

[0042] There are two basic flowcharts for producing them. One comprises a step of preparing steel slabs -* a step of 
reheating the steel slabs -+ a step of hot-rolling the steel slabs -> a step of cooling the hot-rolled sheets in an acceler- 
ated cooling manner a step of coiling the sheets; and the other comprises a step of preparing steel slabs -> a step 
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of reheating the steel slabs -> a step of hot-rolling the steel slabs a step of cooling the hot-rolled sheets in an accel- 
erated cooling manner -► a step of coiling the cooled sheets -» a step of cold-rolling the hot-rolfed sheets -> a step of 
annealing the cold-rolled sheets. If desired, an acid-washing step or a temper-rolling step may be added to the lines. 
[0043] The details of these steps and the conditions for them are described below. In addition, the differences in their 
5 production between the steel sheet based on the first technical idea and that based on the second technical idea will 

also be mentioned below, if necessary. 
Step of preparing steel slabs: 

10 [0044] A steel melt having the chemical composition noted above is prepared in a converter, an electric furnace or 

the like, and this is solidified through continuous casting, ingot making, thin slab casting or the like into steel slabs. For 

casting it, preferred is continuous casting so as to prevent macro-segregation of C, Mn and the like in the cast slabs. 
Step of reheating steel slabs: 

15 

[0045] The steel slab prepared previously is reheated in a reheating furnace to be ready for hot-rolling. Though not 
specifically defined in the invention, the temperature at which the steel slab is reheated in the step may fail between 
1000 and 1300°C. At temperatures higher than 1300°C. the grains in the steel slab being reheated win grow to be 
coarse grains, and the coarse grains thus formed will worsen the elongation characteristic of the hot-rolled sheet to be 

so prepared by hot-rolling the slab. At temperatures lower than 1 000°C. on the other hand, the deformation resistance of ( 
the slab reheated will be too high while the slab is hot-rolled. If so, the rolling load increases, and the rolling is difficult 
[0046] In this step, the steel slab is once cooled to room temperature and is thereafter reheated, as so mentioned 
above. Different from that, in the invention, the hot steel slab may be directly put into a reheating furnace, without being 
cooled to room temperature; or. after having been soaked for a while, it may be directly hot-rolled (this is referred to as 

25 direct rolling). 

Step of hot-rolling steel slab: 

[0047] The reheated steel slab is hot-rolled in a known manner. In the invention, however, the slab temperature at 

30 which the slab is finish-rolled (this is referred to as finishing delivery temperas 

[0048] In producing the steel sheet (having N solute existing therein) according to the first technical idea, the finishing 
delivery temperature is to be 800°C or higher. This is because, at that temperature, obtained are hot-rolled sheets hav- 
ing a fine and uniform metallographic structure (of essentially a ferrite phase). In addition, as the solute N is ensured in 
the hot-rolled Steel sheet, the mechanical characteristics of the sheet are stabilized. On the other hand, in producing 

35 the steel sheet (containing Nb therein) according to the second technical idea, the finishing delivery temperature is to 
be 750° C or higher. This is because, at that temperature, obtained are hot-rolled sheets having a fine and uniform met- ' 
allographs structure (of essentially a ferrite phase). In addition, as Nb is prevented from unevenly precipitating in the 
hot-rolled steel sheet the mechanical characteristics of the sheet are stabilized. 

[0049] However, if the finishing delivery temperature is higher than 1000'C in both cases, much scale (iron oxide) is 

40 formed on the surface of every steel sheet formed, and the sheets shall have many defects caused by the scale. As a ; 

result the surface soundness of the sheets is lowered. If so. the sheets are not favorable to drums. For these reasons 

it is desirable that the uppermost limit of the finishing delivery temperature is 1 000°C. For obtaining steel sheets of uni- 
form quality (especially in the transverse direction of the sheets), the finishing delivery temperature preferably falls 

between 800 and 920°C. 
Accelerated cooling step: 

[0050] After having been hot-rolled in the manner mentioned above, the resulting hot-rolled steel sheets (in practice, 
steel strips) are immediately cooled in an accelerated cooling manner. The accelerated cooling makes the sheets have 

so a fine metallographic structure In addition, it prevents the precipitation of AIN in the hot-rolled steel sheets, though the 
AIN precipitation will be promoted by rolling strain. After having been thus cooled in an accelerated cooling manner, the 
base structure of the hot-rolled steel sheets ensures the presence of an effective amount of solute N therein. 
[0051] For the accelerated cooling, preferably used is water or water mist as the coofing medium, and the cooling 
speed is preferably 50°C/sec or higher. Regarding the start of the cooling, it is desirable that the cooling is started within 

55 2 seconds after the finish of the hot-rolling in order to make the grains in the sheets fine and to increase the room-tem- 
perature strength and the high-temperature strength of the sheets. For the purpose of further increasing the strength of 

the sheets and of controlling the thickness of the scale that may be formed on the sheets, the accelerated cooling is 
more desirably started within 1.6 seconds after the finish of the hot-rolling. In addition, in order to reduce the thickness 
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of so-called "mill scale" that may be formed on the hot-rolled sheets to at most 5 um or lower, it is even more desirable 
that the accelerated cooling is started within 0.5 seconds after the finish of the hot-rolling. The component of the null 
scale is iron oxide, which will be mentioned hereinunder. 

5 Step of coiling steel strip: 

rOOS21 In producing the steel sheet (having N solute existing therein) according to the first technical idea, the cooled 
sS strip is coiled at a temperature not higher than 680°C. This k because, in the coiling step, the hrt-roBed steel sheet 
well keeos the desired amount of solute N therein, and. even after cold-rolled, the sheet st.ll keeps the solute N content 

* by weight. On the other hand, in producing the steel sheet (containing Nb therein) accord- 

ing to the second technical idea, the coiling temperature is to be 700°C or lower. This is because. ^^teJJ- 
Sure is higherSwnTOO-C. the grains in the metallographic structure of the hot-rolled steel sheet will grow to be coarse 
arains In addition, if so. the grains will more abnormally grow due to the uneven strain as inevitably formed in the sheet 
just after the sheet is coiled, by which the surface properties of the sheet will be much worsened 

,s [0053] However, if the coiling temperature is lower than 400-C in both cases, the shape of the sheet «nl be bariK and 
he hardness of the sheet will be uneven in the transverse direction of the sheet As a result, the shape of the drums as 
made from the steel sheet wil. be not good, and the function of the drums will be P™^ h ™»^%^? r d ^° 
that the coiling temperature for the steel sheet based on the first technical idea falls between 400 ard 680-C ^nd that 
for the steel sheet based on the second technical idea falls between 400 and 700-C: In order that the thickness of the 

v mill scale in the mil! scale-coated, hot-rolled sheet is at most 5 um. it is desirable that the coding temperature is low. or 

[Mia] ^holroHed steel sheet as produced according to the process comprising the '^^^^^^ 
Sis used for producing drums in the invention. SpecKica.ly, just after having been ^^J""" ngj he m,H 
scale", the sheet of the invention can be directly used for producing drums^ Even ^* n .^f^*^*^* 
25 wtthoJt being further processed, the drums made of it have a fine iron ox.de phase (mill scale) on their .nner surface. 
an j iha mnraion resistance and the abrasion resistance of the steel sheet are both good. 

$5% ^SSS!S!!SS!tl the mil. scale, it is desirable that the mil. scale is in the form of a flm containing 
maonetite in an amount of at least 80 % by volume. The amount of magnetite therein may be so controlled as to fall the 
2£^££5*A the temperature of the steel strip being coiled and by cozening i"*"*" £ 
so coiling step to thereby promote the transformation of wustite into magnetite on the surface of the stnp^ H th ^ magnette 
SnStls smaller than 80 %. the mill scale formed will easily peel off. and the steel sheet having such rrull scale is not 

S^todmrr*. If the thickness of the mil. scele is larger tr^S^ 

fore it is desirable that the thickness of the mill scale is at most 5 urn. If desired, the hot-rolled steel sheet of the inven- 
tion may be used, after the mil. scale is removed therefrom. To remove the mil. scale, the sheet may be wash^with 

» Sf Tie thickness of the mill scale may be obtained as follows: A sample of the steel sheet having a predetermined 

sSrfeceTeaTprepared. and this is washed with hydroch.oric acid containing an inhibitor that acts to preventjhe dis- 
solution of the base steel by the acid, thereby removing the scale layer from the surface of the sample. The difference 
STe weight ofSe sample 1 obtained by subtracting the weight of the washed sampie from that of the onginal sample, 
and this is divided by the surface area and the specific gravity of the sample to obtain the thickness of the mill scale. 

Step of washing hot-rolled steel sheet with acid: 

[0056] For washing the hot-rolled steel sheet with acid, any specific condition ite 

washed with any acid in any condition in which the scale can be removed from the surface of the sheet. Therefore, any 
<5 ordinary method for washing steel sheets with add is er^loyeble herein ^^.^^^ 
removed with an acid, such as hydrochloric acid, sulfuric acid or the Eke. ft is desirable that the actd^ashed steel sheet 
is coated with oil so as to prevent the sheet from rusting. The hot-rolled steel sheet thus washed with acd to remove rts 
scale is generally temper-rolled, tor example, in the manner to be mentioned below. 

so Temper-rolling step for hot-rolled steel sheet: 

[00571 The coiled hot-rolled steel sheet may be temper-rolled, prior to being formed into drums. The temper-rolling 
of the hot-rolled steel sheet is effected for the purpose of tfsmissing or reducing the yield point elongation of the steel 
sheet, and for the purpose of controlling the surface roughness of the sheet and of improving the mf^fj^ 
55 (for example, for reducing edge elongation, belly elongation, etc.). In the invention. ,t is desirable that the temper-rolling 
reduction ratio is at most 5 %. If the reduction ratio is larger than 5 %. not only the ductility of the steel sh ,eet :* tow ered 
but also the variation in the yield point noted above increases, thereby causing vanous problems. For example, rf so 
when the steel sheet is formed into drums, the spring back amount of the steel sheet (this .ndicates the degree of 
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rebounding of the steel sheet being formed, owing to the elastic force of the sheet) varies. Where only the surface 
roughness of the steel sheet is desired to be controlled by the temper-rolling, the temper-rolling reduction ratio prefer- 
ably falls between 1 % and 5 %. 

[0058] The hot-rolled steel sheet from which the mill scale has been removed may be further processed on its surface, 
5 and then formed into drums. The surface treatment for this includes, for example, tin plating, chromium plating, nickel 
plating, nickel-chromium plating, zinc plating (galvanizing), etc. Needl ess-to-say, the drums made of the sheet may be 
chemically processed on their inner and outer surfaces in any ordinary manner, for example, with zinc phosphate, iron 
phosphate or the like. After having been thus plated or chemically treated, the steel sheet may be further painted or 
coated with an organic resin f Bm. The thus painted or coated sheet may be formed into drums in any ordinary manner 
10 with no problem. 

[0059] TTie hot-roll ed steel sheet as produced under the conditions noted above in accordance with the first technical 

idea contains solute N in an amount of at least 0.0010 % by weight and has a high degree of elongation of at least 35 
%. The degree of elongation of the sheet is herein measured in a tensile test In the test, a sample of the steel sheet is 
so prepared that its machine direction shall correspond to the circumferential direction of the cylindrical body to be a 
15 drum. 

[0060] The drums made of the hot-rolled steel sheet of the invention have higher room-temperature strength and high- 
temperature strength (at 300 to 800°C) than those of conventional steel sheets. In order that the drums of the invention 
could stably have the intended strength, it is desirable that the amount of solute N in the steel sheet falls between 
0.0015 and 0.0100 % by weight. The solute N content may be controlled depending on the combination of the total N 
so content of the steel melt to be the sheet and the hot-rolling condition for the sheet The high-temperature strength as 
referred to herein indicates the strength at a temperature falling between 300 and 800°C, and includes the creep 

strength. Hs value may be measured in any ordinary high-temperature tensile test. 

[0061] The hot-rolled steel sheet of the invention has an aging index of not smaller than 3 kgflmm 2 . The aging index 
is obtained as follows: A tensile test sample is prepared from the hot-roUed steel sheet which is loaded to have a tensile 
25 pre-strain of 7.5 %. Then, the sample is unloaded, and aged at 100'C for 60 minutes. This is subjected to a tensile test 
to measure its yield stress. Before being aged, the sample is subjected to the same tensile test. The difference between 

the deformation stress of the non-aged sample and the yield stress of the aged sample is obtained, and this indicates 

the aging index of the sample. The aging index of the steel sheet may be varied by varying the solute N content thereof. 

In order that the steel sheet has high local deformation resistance and high high-temperature strength, its aging index 

30 snail be at least 5 kgVmm 2 . 

[0062] On the other hand, the hot-steel sheet of the invention based on the second technical idea has a metallo- 
graphic structure of fine and uniform ferrite grains having a mean grain size of not larger than 10 jim, and this has a high 
degree of elongation of 35 % or higher. For stable formation of drums, the ductility of the material for the drums is an 
important factor. The steel sheet of the invention satisfies the level of elongation. 

[0063] Where drum manufacturers desire steel sheets having higher strength than ordinary ones, it is recommended 
that the steel sheet of the invention is so controlled as to have a mean grain size of not larger than 7 pm by varying the 
amount of C. Mn and Mb in the sheet and by varying the coiling temperature for the sheet . The drums of the hot-rolled 
steel sheet of the invention thus produced in that manner have higher room-temperature strength and higher high-tem- 
perature strength (concretely, at temperatures falling between 300 and 600°C) than those of any conventional steel 
sheets, and the former do not leak the contents even in the drop test at -WC. The high-temperature strength as 
referred to herein indicates the strength at a temperature falling between 300 and 6O0°C. and includes the creep 
strength. Its value may be measured in any ordinary high-temperature tensile test (in which the cross head speed is 
around 1 mm/min or so). 

[0064] The hot-rolled steel sheets of the invention and their production methods have been described hereinabove, 
along with the characteristics of the sheets. The invention further encompasses cold-rolled sheets, and their production 
methods are described below. 

[0065] For producing the cold-rolled sheets, the add-washed, hot-rolled steel sheets mentioned hereinabove are fur- 
ther cold-rolled and then annealed, for example, in the manner mentioned below. 

Cold-rolling step: 

[0066] rt is recommended that the suitable thickness of the hot-rolled sheet (hereinafter, mother sheet) to be cold- 
rolled falls between 1.8 and 3.7 mm. As previously mentioned in the above, the acid-washing condition tor the hot-rolled 
steel sheet is not described herein. The cold-rolling reduction ratio preferably falls between 60 and 85 %. The mill scale- 
coated, hot-rolled steel sheet in which the thickness of the mill scale is 5 urn or smaller may be directly cold-rolled with- 
out being washed with acid. The cold-rolled steel sheet is then annealed. 
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Annealing step for cold-roiled steel sheet: 

100671 The annealing is effected at a temperature not lower than the recrystallization temperature of the steel sheet. 

f the cold-rolled steel sheet is annealed at a temperature lower than the recrystallization temperate of the sheet the 
metaJlographic structure of the annealed sheet will be a non-recrystallized or partially-recrystairized one. The sheet 
havina such a non-recrystallized or partially-recrystaliized structure has poor ductility though its strength is high. As a 
result the sheet is often softened to a great extent at high temperatures, and. in addition, its quality is uneven in the 
rolling direction and also in the transverse direction. After ail. the sheet is difficult to shape. For these reasons, in the 
invention the annealing temperature at which the cold-rolled sheet is annealed is defined to be not lower than the 
recrystallization temperature of the sheet For the sheet, so-called continuous annealing Is employed. 
r00681 The heat cycle for the annealing may be any simple heating-cooling cyde. After having been annealed, the 
sheet may be subjected to so-called overaging. for which the annealed sheet is gradually cooled or soaked for a whUe 
at a temperature falling between 400 and 450°C. Through the overaging, the quality of the sheet does not change so 
much though the aging ability of the sheet will be lowered in some degree Therefore, the annealing cycle for the sheet 

of the invention may comprise overaging with no problem. 

[0069] After having been thus annealed, the cold-rolled steel sheet may be directly used for forming drums. However, 
in the invention, the annealed sheet may be optionally temper-rolled or surface-treated to ^^P^^^^^f 
temper-rolling step and the surface-treating step may be the same as those for the hot-rolled sheet mentioned herein- 
above, and the description of the steps is omitted herein. 

r00701 The cold-rolled sheet of the invention as obtained through the above-mentioned cold-rolling and annealing 
EaJSngto the first technical idea alsohasaso^e Ncomerrtof notsrr«llertr«n0.O010%byv^.ght a ndah,gh 
decree of elongation of not smaller than 35 % like the above-mentioned hot-rolled steel sheet Accordingly, drums made 
oi ll cold-rolled steel sheet are. after having been painted and baked, to have ^^^J^J^^l^ 

high high-temperature strength as a result of the baking hardening treatment For this, the solute N content of the sheet 

is controlled depending on the combination of the total N content of the steel melt to be the sheet, the hot-roll.ng and 
cold-rolling conditions for the steel slab and the annealing conditions for the rolled sheet. 

[0071] The cold-rolled steel sheet has an aging index of at least 5 kgf/mm 2 . The value of the agmg index and the 
method for controlling it are the same as those mentioned hereinabove forthe hot-rolled steel sheet, and the descr.pt.on 

of them is omitted herein. 

[0072] On the other hand, the cold-rolled steel sheet of the invention based on the second technical idea i also has a 
f ine and uniform metallographic structure having a mean grain size of not larger than 7 pm and has a high degree i 

elongation of at least 35 %. like the hot-rolled sheet based on the same. Therefore, the drums made ^~^°"!f 

steel sheet also have high room-temperature strength and high high-temperature strength, Oke those made of the hot- 

[0073] Ste NeX fte drum of the invention is further described hereunder. For the drum composed of a body plate, a top 
board and a base board, any of the above-mentioned, mill scale-coated hot-rolled steel sheet, mill scale-free hot-rolled 
steel sheet or cold-rolled steel sheet is used. Accordingly, the drum of the invention is thin and lightweight and its qual- 
ity is comparable to or better than the quality of any conventional drums. In this case, the steel sheet of the invention is 
used for all the body plate, the top board and the base board of the drum. However, it may be used for any of these, and 
the drum of which any of the body plate, the top board and the base board is made of the steel sheet of the invention 
is Within the scope of the invention. This is because drums have many applications, and it is unnecessary that all steel 
sheets of drums are to have any excessive characteristics. Where the steel sheet of the invention is positioned in the 
necessary sites of drums, the drums may be well lightweight and the production costs for .themrraybe reduced. 
Regarding the drum-forming technique including forming, working, welding and surface-treating operafons, any con- 
ventional ones are employable herein. 

(Examples) 

[0074] First. Examples of the steel sheet of the invention based on the first technical idea are described below. 
(Example 1) 

[0075] Steel melts having the chemical composition shown in Table 1 were prepared in a converter and these were 
cast in a continuous casting manner to produce a large number of steel slabs having a thickness of 2BC mm^e steel 
slabs were hot-rolled. 0.5 to 1 .5 seconds after the finish of the rolling, the rolled sheets were cooled wrth water, or with- 
out being cooled with water, they were coiled. Thus were produced hot-rolled steel sheets having a thictaess of ^ .22 
mm Next tfTe hot-rolled steel sheets were temper-rolled. The final hot-rolled steel sheets thus produced had a thick- 
ness of 1.20 mm. The hot-rolling condition and the coiling temperature are shown in Table 2. Steel D in Table 1 cone- 
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sponds to a conventional sheet for drums. The underlined data for the elements in Table 1 and the underlined steel 
samples in Table 2 are "outside the scope of the invention", and the same shall apply to all Examples given hereinunder. 
[0076] The tensile characteristics (tensile strength at room temperature (25°C) and at 600°C), and the aging index of 
each hot-rolled sheet were measured. The data thus measured are all shown in Table 2. 



Table 1 
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Sample of the Invention 
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0.011 


0.007 


0.048 


0.0015 


Conventional Sample 


E 


0.1 50 


0.01 


0.10 


0.013 
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Comparative Sample 
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10077] From Table 2, it is known that the hot-rolled steel sheets of the invention (Nos. 1 -1 to 1 -4) have a degree of 
elongation of higher than 39 %. and their tensile strength at room temperature (25°C) and even high-temperature 



14 



EP 0 943 696 A1 



strength at 600'C both increased without their ductility decreasing. In addition, these hot-rolled steel sheets have an 

aging index of higher than 5 kgf/mm 2 . and their aging ability is higher than that of the conventional sample (No. 1-5). 
[0078] Next these hot-rolled steel sheets were formed into top boards and base boards for drums through pressing, 
which were lids and bottoms of drums. A body plate of each sheet was formed into cyUndrical bodies through bending 
and the both ends were welded together through seaming to produce bodies of drums. The top board and the base 
board were bonded to the both ends of the body through "seaming". Thus were produced closed-type. 200-lrter drums. 
The outer surface of each drum was painted with an epoxy-based paint, and the inner surface thereof was not proc- 
essed or that it. it was left to have mill scale formed thereon. The coated paint was baked at 1 70°C. 
[0079]' While being formed into the drums, the hot-rolled steel sheets were checked for their bending wortjabilrty and 

weldability. on the basis of which the sheets were qualitatively evaluated for their drum-fcrmabiiity. The dromsthus 

formed were filled with water, and dropped down from a height of 1.2 meters, whereupon the drums were ote enrcd as 

to whether or not they leaked water and how much they were deformed (drop test). In the drop test the degree * defor- 
mation was represented by a relative value based on the degree of deformation of the sample of Steel D (No 1-5) of 
being 1 00 On the other hand, each sheet was formed into so-called open-type drums, which were subjected to a recy- 
cle test Precisely, each open-type drum was repeatedly exposed to a simulated cycle of "high-temperature heating (for 
ScSting "e remaininlconients) -» shot-blasting - cooling". In the cycle, steel shot (steel balls) were used for the 
shot-blasting, and the blasting condition was the same for all drums. After each cydejhe degree of * 
drum was measured, and the number of cycles repeated for each drum was counted before the drum was judged no 
more usable from the measured degree of deformation, and this indicates the number of recycled tomes before usetess- 
ness. The data of the drums thus measured in those tests are all shown in Table 2, in the column of mechanical cnar- 

n£m 'T^m Table 2, rt is known that the hot-rolled steel sheets of the invention all have good drum-formability, and 

the drums of the sheets did not leak water in the drop test. In addition, tt is also known therefrom that, in the drop test. 

the degree of deformation of the drums of the invention was lower than that of the conventional drum; and this means 

that the mechanical strength of the drums of the invention is high. It is further known that, in the recycle test, the recy- 
cled times before uselessness of the drums of the invention are larger than those of the conventional drum. 

mSl J Moreover ^ISSStod steel sheets of the invention well hardened in spontaneous aging at room temperature 
for about 1 day. even when they were not subjected to artificial, accelerated aging treatment for example, to aging by 
post-baking In addition, even when the condition for the "post-baking after painted" as applied to the drums of the steel 
sheels of the invention was varied delicately, the steel sheets were not sensitive to the variation and the drums ; had sta- 
ble mechanical strength. Specifically, when the drums were kept at a temperature of about 100'C or more for only 10 
minutes or so. their mechanical strength was comparable to or higher than that of corTver^naMrurns At^ert. from 
the viewpoint of energy-saving in the art, lowered baking temperatures are desired. The drums of the hot-rolled steel 
sheets of the invention shall have satisfactorily high mechanical strength even when they are baked at such low tem- 
peratures. 

(Example 2) 

[0082] A large number of steel slabs were prepared, which had a basic chemical composition of 0.041 wt% C ■ 0.005 

wt % Si - 0 1 5 wt % Mn - 0.009 wt.% P - 0.005 wt.% S - 0.039 wt.% Al and of which the N content was varied within the 

range of from 0.0020 to 0.0142 % by weight as in Table 3. These steel slabs were hot-rolled, then cooled with water and 
coiled. The rolling condition and the coiling temperature are shown in Table 3. 

[0083] The reheating condition for the steel slabs to be hot-rolled and the finishing delivery temperature of the hot- 
[Sed steel sheets were varied so as to vary the solute N content of the hot-rolled steel sheets. All these hot-rolled steel 
sheets were temper-rolled, and finaPy they had a thickness of 0.8 mm. These hot-rolled steel sheets were formed .nto 
cS-iype SSter drurns in the same manner as in Example 1 . The outer surface of each drum was coated wrth a 
melamine-based resin. After having been coated, the drums were baked at 200°C. The inner surface of each drum was 
not processed, or that it, rt was left to have mill scale formed thereon. 

10084] At room temperature (25°C) or at 300°C. an external concentrated load was applied to each drum to make it 
recompression stress in its circumferential direction, whereupon the degree of deformation of each drum was meas- 
ured. The data obtained are all shown in Table 3. 
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[0085] From Table 3. it is known that the degree of deformation of the drums of the steel sheets of the invention (Nos. 
2-1 to 2-7) that were loaded at room temperature or a high temperature is extremely low at both temperatures. In addi- 
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tion the inner pressure of each drum was increased by applying a water pressure to the drum inside, and the degree 
of deformation of the drums was measured. In this test it was confirmed that the degree of deformation of the drums 
of the invention was smaller than that of the conventional drums in some degree, though the difference in the deforma- 
tion deoree in this test was not so clear as in the previous test in which the external compression stress load was 
appliedto the drums outside. The data in these tests mean that the drums of the steel sheets of the invention have high 
mechanical strength against both inner pressure and external pressure. 



(Example 3) 

[0086] Steel melts having the chemical composition shown in Table 4 were cast in the same manner as above to pro- 
duce a large number of steel slabs having a thickness of 200 mm. The steel slabs were hot-roiled. 0.5 to 1.5 seconds 

after the finish rolling, the rolled sheets were cooled with water, and then coiled. Thus were produced hot-rolled steel 

sheets having a thickness of 1 .22 mm. Next, the hot-rolled steel sheets were washed with acid, and then temper-rolled. 

The final hot-rolled steel sheets thus produced had a thickness of 1 .2 mm, and they had no mifl scale on their surface. 
The rolling condition and the coiling temperature are shown in Table 5. manr , ar 
[0087] The tensile characteristics and the aging index of each hot-rolled sheet were measured in the same manner 
as in Example 1 . The data thus measured are all shown in Table 5. 



Table 4 
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Sample of the Invention 
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0.005 
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0.051 
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Sample of the Invention 
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ability is higher than that of the above-mentioned conventional sample (No. 1 -5) (see TabJe 2). 
[0089] Next, these steel sheets were formed into closed-type. 200-liter drums in the same manner as above The 
drums were coated with a melamine-based resin on their outer surface, but their inner surface was not processed. 2 
that .s it was left to have m.ll scale formed thereon. The thus-coated drums were "post-baked at 180°C While be no 
formed into the drums, the steel sheets were checked for their bending workability and weldabilHy on the basis of which 

S« ? ta ° f r? e d x measured in those lests all shown in Table 5 in the column of mechanical char- 

SSSZ n l^ri 9 ^ ?' 1' S ^ mat *• 81661 5,16618 «* * e hwention a » have 9°od drum-formab,%^d 
the drums of the sheets did not leak water in the drop test. In addition, it is also known therjfrom that, in thVdrop tes7 
the degree of deformation of the drums of the invention was lower than that of the conventional dmm anri <hi» «, M ,J 
that the mechanical strength of the drums of the invention is high. « is ob^ous ^ 

Sf^?" 6 ! 0, th ! t"" 5 ? *l invention are ,ar 9 er *™ ^ose of the conventional drum. This further sup- 
ports the increased mechanical strength of the drums of the invention. 

(Example 4) 

ELfr!? m t?-^l, me, iS n9 th tf hemical com P° sition shown in T aWe 6. produced were a large number of steel 

Gtebs havng a th ckness of 260 mm. The steel slabs were hot-rolled. 0. 1 to 1.5 seconds after the finish rolling the^olled 

sheets were cooled wrth water, and then coiled. Thus were produced hot-rolled steel sheets. Next, the hoHoKS 

sheets were washed w,th acid, and then cold-rolied. The cold-roiled steel sheets had a thickness of iS WtSJ 

7rZn^^'" If*-^ 0 ? annea,in 9 mamer - temper-rolled. The final sheets had a thickness of 1.2 mm The 
rolling conditions, the coiling temperature and the annealing condition are shown in Table 7. 

™ e tens, ' le characteristics (tensile strength at room temperature (25°C) and at 500 e C- for the tensile stronrHh 
at 500»a obtained was the 0.5 % deformation stress at 500-C) and the aging^ex oW 
measured in the same manner as above. The data thus measured are all shown in Table 8. 
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0.035 


0.0110 


Sample of the Invention 
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Sample of the Invention 
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0.0055 


Sample of the Invention 
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[0093] From Table 8, it is known that the steei sheets of the invention (Codes J to U have a deorp* of 0 i rtnr „*-„„ ^ 
h ( gherthan^ % and theirtensi.e strength at ro ^^ 

both mcreasedwrfhoutthe.rduct.htydecreasing.ln addition, it is also known therefrom ftat the steel sheets oTthe^ 
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minted pa.nl on the, ^^^^^^^ intothe drums, the steel sheets were *eckedfor 

Swl^ 

[0096] The data in those teste are i an snown in laQieo drum-formabiiity. and the drums 

[0097] as in Table s » « * Yis^ obvious that in the drop test, the degree of defor- 

of the sheets did not leak water in the drop test .In nmi^ ™Eon.i drun ; and Ws rneans that the mechanical 
mation of the drums of ^^^SS^XL ^iSJ^S^pe drums that had been produced in 

Strength Of the drums Of the mention IS WJnft^ *** ^JSSSS oVthe drums of the Invention are larger 
they were subjected to the drop J^J^h*?!™ of deformation of the conventional, baked drum was at most 

formrfimodrums. "^.^^^^^^^^S^S'S * 

drums 01 the steel sheets all the time have sable rSE^t™*, „„ heatKl at about 100"C or higher for a 
, ,0100, ™»>^«?»<^ 

lew minutes, the strength d the ?~ms con be ™~ T ° - ^„ d ^ ^ the change in the strength is small. 

produced stably ensure the ^*^SS^SSS*iM could not satisfactonly ensure high mechanical strength. 

sau, require baking « ,WC fJ^^,T^ we)i „ed»^oa. and ^acMto.drop lest at«l<»t.mp«- 

■' a^o,™^^ 
room-temperature drop test 

(Example 5) 

« ,0,03, 

composition Of 0.035 wt% 0 ■ 0.01 «** SV 0 ^ % „ ln TaMe 9 . ^ a .et slabs we,, 

the N content was .aned w,«»n tne range ™ ^ A JL ■„ ,hj 5 process, the reheating condition, the 

hof-rollad. then cooled with N content of the final products. 

* ^rre^ir^ 

are Shown in Table 9. ^ lo _ lvH . 1vn „ 200-liter drums in the same manner as above. 

^^^^^^^^^^^^^^ 
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have compression stress in its circumferential direction, whereupon the degree of deformation of each drum was meas- 
ured. In addifjon. the drums were subjected to the recycle test as in Example 4. 
[0106] The data measured and the test results are all shown in Table 9 
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[0107] 



From Table 9. it is known that the degree of deformation of the drums of the steel sheets of the invention (Nos. 
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* loaded atr ^^^rature or a high temperature is extremely l W at both temperatures, as 
pared wth that of the comparative drums. In the drum recycle test, the recycled times before use! essnessofthe dZ 
of the invention were much larger than those of the comparative drums. useiessness of the drums 

[0108] In addition, the inner pressure of each drum was increased and the deoree of dpfnrmaw «* »,« ^ 
that of the conventional drums in some degree, though the difference in the deformation decree in thZTJt Zl^T 
on their use, drums are often filled with hot contents (at about 70°C or so) and are cloT^i t^^T \ ^ er ™"? 

with contents at h ig her temperatures or under more disadvantageous conditions the drums of th* ^ a J,^<T 
■ration hardly bucMe up. According., It is believed that the dmms of meSTn m^ ^tKSS^ 
^eefhc^rrannerand^ contents ,n a 

[0109] Therefore, when the hot-rolled steel sheets and the cold-rolled steel sheets based on the first technical idea 

[0110] Next descfced «. Examples of th. steel sheet of the invention based on the seoond teohnieel idea. 



(Example 6) 



5 [0111] In the same manner as above, a large number of steel stabs havina a thickn^ of ocn o,~, 

steel melts having the chemical composition shown in Table 10. ^7x!^^T^u^ rJ^T^ ^ 
coiled. The hot-rolled steel sheets were optionally lernpe.-ro.led £iS r^acol^ 

[011 3] The mean grain size of the grains constituting the cold-rolled steel sheets, and also the tensile characteristic 
section as cut m the direction vertical to the rolling direction, and its picture was tSSnfllSSSES « J J, 



Table 10 
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Sample of the Invention 
Sample of the Invention 
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Z^f^^TT' < 2| d " r0 " ed 81661 $heet (conventiona ' sam P ,e )- ,n Edition, the cold-rolled steel sheets of the 
invention had good bending characteristics, and were well seamed with no problem 

H£2 t>,« T thSSe ""IS? 51661 Sh66tS Were f0rmed int0 dosed - t yPe. 200-liier drums in the same manner as 
above. The drums were pa.nted man ordinary manner with an epoxy-tasedpairt on their outer surface andTeiMnner 

^^ h r^ ]V ZZ eSSed ZinC Ph0sphate - ^ bei "9 formed Sb the drums, the JdSuSS Sheefe 

the basis of which the sheets were qualitatively evaluated for their drunvformability In order to check the dnimc fnrTiw 

flirectoa In this test, the load as applied to each empty drum until the drum macroscoDicalfv buckled im nrvw ™m 
to press™ was measured, and the thus measured load indicates the buckling ^ ^e^m ln^nZ m ^ 
were subjected to the low-temperature drop test in the same manner as above In the drop teethe SE 

tTeUheefo^^^^ °" ^ *™-» °< 5 E~M3^ 

steel sheet of No. 6-5) of be.ng 1.00. It has been confirmed that ail drums that passed the low-temnerature dron t oe * 
earned out herein all the time pass the drop test as stipulated in J.S in which drums are 
Z ?ja ,00m temPeratUre - lher * 0re - the drumS produced herein — "<* Ejected toZoo^^ 
miS ? S ?*« f r ! a " S u° Wn in ^ 1 1 h the CO ' Umn ° f mechani «> character^ of drum. 

[0119] From Table 11. it is obvious that the cold-rolled steel sheets of the invention (Nos 6-1 to 6-4) all have nnnd 

drum-formabilfty, and the buckling load to them as tested in the strength c^aclerlstic test tau MM Lr thto «« . * 9 

» ventional steel sheet. In addition, it is known that, in the low-tempeTatur^ 

n^tS H ^ r ,8an t that the , m€chanica ' •**HHh of the drums of the invention is high. In addition in the low tem- 
perature drop test, the drums of the invention did not leak liquid while having high mechanical Sen^th anS thTy 

(Example 7) 

, 0 A J? r 9f " U ? er * f*' 5labs were fram ^el melts having a composition of 0.035 wt.% C - 0 01 

> wt.% Si - 0.25 wt % Mn - 0.006 wt.% P - 0.005 wt.% S - 0.0030 wt.% N - 0 035 wt.% Al - O 01 S wt Wh ,J1 «T ^ , 

Fe and instable impurities. These steel slabs were hot-rolled, cooled v^atel. Z tEtX£fi£ hoSoIS 
steel sheets thus produced had a thickness falling between 2.5 and 3 4 mm Next these hot rotl*H 2L «t 7 

perature and the annealing condition are shown in Table 12. 9 rem 

L° 12 nL H*? I?" 1 the abOVS ' an ° ther 54661 s,ab was Prepared, which had a composition of 0.035 wl% C - 0 01 wt% 
Z'2St££!Z " ° 0 , 06 P " 0005 Wt% S ■ 00020 Wt% N • 0035 wt.%ATa005 wt% Nb S, the ££££ 
steel^eeT ^ r °' led ^ ^ mamer menfioned ^ to produce a^co^Srate 

Sheet° r fNo e ^^Jr 6 ^ h0t * r °" ed ' Wtth W3ter and °° aed - The resu,tin 9 ironed 

h?d L mtiSIc I;?n 9 £ ft,CkneSS 01 2 6 mm was wa8h8d wilh a"d cold-rolled. The cold-rolled steel sheet 

5^1^^ir m - 31 7 °°° C 40 SeCOndS *>' *™ coaled at S25 

50°c/sec. and thereafter overaged at 400°C for 60 seconds. K Ul 

SnJ? 5 ^ CO f r °" ed Steel l sheets were ft™* into dosed-type. 200-liter drums in the same manner as above m 

this process the sheets were checked for their drum-formabiirty. The outer surface of each drum was oainted 

?!? and inner Surface was * emica »y jessed. At room ££X o«5 
concentrated load was applied to each drum to make it have compression stress in its cir«^«r J«I ,f 

upon the degree of deformation of each drum was measured^ cSa^S iT^Zl ^T ' 
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7?Z\ 1 2 ; rt IS"" 1 ! *? ,he . d ? ree ° f deformati ° n * *• *«» of the steel sheets of the invention (Nos 

7- 1 to 7-7) wh,ch were Joaded ,s s.gnrf.cantJy lower than that of the comparative drum (No 7-8). Thus, the drums of tiTe 
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« T. h„,™ the invention was smaller than Ihat of the comparative drum In some degree, though the difference in 
was applied to the drums outside. 
(Example 8) 

,„ rniMi in the same manner as above, a large number of steel slabs were prepared from steel meHs having the chem- 
ditionand the temper-rolling condition are shown in Table 14. 

and other mechanical characteristics of the sheets and the drums. 
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Sample of the Invention 
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Sample of the Invention 
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Sample of the Invention 


X 


0.055 


0.01 


1.20 


0.004 


0.004 


0.038 


0.0025 


0.015 


Comparative Sample 


Y 


0.047 


Q.25 


0.35 


0.004 


0.007 


0.044 


0.0025 


0.011 


Comparative Sample 


Z 


0.035 


0.01 


0.18 


0.011 


0.007 


0.045 


0.0022 







33 



EP 0 943 696 A1 



6> ui 2 

5 


jo» to JA p 


N ■< X 

10 


I 

5 < c * 
1 


1160 
1OO0 
1100 


° °ll 


is 

sis 


6 o o pi ? j 

IQ x 


20 ooo 


a 3 

a 


25 III 


5" 

I § § dl 2 3 


30 • • «o r 


0 


s a a § 






; o e if I|f 3 


8 S S g 


S3 c5 a g | 
J' I 




{. | | 

f s S 1 




= = 'iff! 



ss 



34 



EP 0 943 696 A1 













05 




O 












Mean 
Grain 
Size 








1 


i" 






Yield 
Point 
MPa 


i 


ft 


1 






OS 


£ 


-sag* 

Hill 








» 


° 


to 


s 


Eonga- 
tlon 


• 

i 


s 


s 


s 




o 


o 


High- 
Temp. 
Strength 
(at 

600'C) 

MPa 




o 


X 




O 


o 


o 


Contact 
Bending/ 

Re- 
bounding 




i 


large 
spring- 
back, 
poor 
chemical- 
procass* 
ability 


1 flange 
| cracked 


1 


1 




Drum- 
Form- 
ability 


i 


1 


■s 
g 

I 


a 


I 


1 


o 
& 


II 


o 

s 

1 




ii 


s 








>||| 


nlcal Charac 


1 5720 






i 


- 


s 


Collapse 
Strength 
kgf 


bristles of 1 


3 


1 


2 






3 


Leakage 


i! 


? 

3 . 

i 


b 
o 








i 


P 
O 








| Sample | 


Sample 


II 

* 


111 

§ 5 


fa 

1?1 


of the 
Invention 


Remarks 



[01281 From Table 14. It is known that the steel sheets ot the invention (Nos. 8-1 to 8-3) are weldable within foe same 

current range as ^hin which the conventional steel sheet Is weldable. though having higher mech^ strength 

than the conventional one. and that the drum-formability of the steel sheets of the invention is all good. In addition, it is 
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also known that the static collapse strength of the drums of the steel sheets of the invention is higher than that of the 
S^^U^^ ^ C0,d - r0 " ed ^ ^ ^ have -chanica. Strang 



(Example 9) 

[01 29] In the same manner as above, a farge number of steel slabs having a thickness of 260 mm were prepared from 
steel melts having the chemical composition shown in Table 15. These steel slabs were hot-rolled cJiS IS I°T 

n S - , ^Ll y h3d 3 thiCkneSS ° f 120 mm ' The ro » in 9 condrtion and the coiling condition are shown in Table T 
SSL ? 6 mean Sram 5,26 01 the 9rainS th ° Se hOKOlled Stee ' sheets ' ^ a,so 1,16 tensi,e £ESrt3£ tensile 

£0131] The mean grain size was measured in the same manner as above, on the optical microscopic pictures and the 
etoctronc m,croscop.cJctures of the sheets. Also on the same pictures, the thickness of the rrSe^e^Te^ 
sheet was measure* The methods for measuring the tensile characteristics, the tensile strength S3mJ£S £22 
SEE?"??? a "? lh6 repeat6d bendina characleristic s were the same as those mentioned above 



Table 15 
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Sample of the Invention 
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Sample of the Invention 
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0.0015 
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Sample of the Invention 
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[0133] The steel sheets of the invention (Nos. 9-1 to 9-4) have a mean grain size of smaller than 10 urn and have a 

degree of elongaton of 38 % or higher. In addrtion, their tensile strength at room temperatuTe t? 5 " C)Z eTenS 
temperature strength at 600'C both increased without their ductilrry decreasing, as compared with the exertional 
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steel sheet (No. 6-5). Moreover, the steel sheets of the invention had good bending characteristics. 

[0134] Next these steel sheets were formed into closed-type. 200-liter drums in the same manner as above. The 

drums were painted with an epoxy-based paint on their outer surface, and their inner surface was chemically processed 

with zinc phosphate. While being formed into the drums, the steel sheets were checked for their bending workability. 

5 shape freezability and weldability, on the basis of which the sheets were qualitatively evaluated for their drum-formabil- 
ity. In order to check the drums for their mechanical strength characteristics, the empty drums were compressed in the 
axial direction and in the circumferential direction. In this test, the load as applied to each empty drum until the drum 
macroscopicaliy buckled up under compression was measured, and the thus measured load indicates the buckling load 
to the drum. In addition, the drums were subjected to the "low-temperature drop test'. 

io [01 35] The test data are all shown in Table 1 6 in the column of mechanical characteristics of drum. 

[0136] From Table 16. it is obvious that the steel sheets of the invention all have good drum-formability. and the buck- 
ling toad to them as tested in the strength characteristic test is higher than that to the conventional steel sheet. In addi- 
tion, it is also obvious that in the low-temperature drop test for the drums, the degree of deformation of the drums of 
the invention was lower than that of the conventional drum. Moreover, it is further obvious that, in the low-temperature 

is drop test, the drums of the invention did not leak liquid, and they ensured safe storage of the contents therein. This indi- 
cates that the sheets of the invention all the time ensure reliable seamability. Specifically, the steel sheets of the inven- 
tion can be well seamed, irrespective of the seaming modes of double-seaming or triple-seaming and even under 
severe conditions at low temperatures, and the seamed parts of the sheets are all the time reliable. 

(Example 10) 

[01 37] In the same manner as above, a large number of steel slabs were prepared from steel melts having a compo- 
sition of 0.032 wt% C - 0.01 wt.% Si - 0.1 5 wt.% Mn - 0.003 wt.% P - 0.004 wt.% S - 0.045 wt.% Al - 0.01 7 wt.% Nb - 

0.0021 wt.% N with the balance of Fe and inevitable impurities. The steel slabs were hot-rolled, cooled with water, and 
25 coiled. The resulting hot-rolled steel sheets were washed with acid and then temper-rolled. Finally, the hot-rolled steel 

sheets had a thickness of 1 .2 mm. The rolling condition and the coiling temperature are shown in Table 1 7. 

[01 38] Also in the same manner as above, the hot-rolled steel sheets were formed into closed-type. 200-liter drums. 

while they were checked for their drum-formability. The outer surface of each drum was painted with an epoxy-based 

paint. At room temperature (15°C). an external concentrated load was applied to each drum to make it have compres- 
30 sion stress in its circumferential direction, whereupon the degree of deformation of each drum was measured. The data 

obtained are all shown in Table 17. 
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comparative drum in some degree, tagh th?d1Sce h t Td^T. ? inve * ,n ras «™"» *" «™ <* 



(Example 1 1) 



rolled steel sheets were ^^m^^^SSmtS^^^^T',^^"^^ 

As a result, obtained were cold-rolled steel shPPt* all h a .,.n„ «. T\ d some of them were temper-rolled, 

roledto gK,e a hot-roHed stetS^ A9 washot- 

having a thickness of 1.0 mm. The cold-rolled steel sheet waHnne1£ ^ * ? ,edt ° 9,ve a «**-«*'ed steel sheet 
sheet (No. 1 1-6). During the annea.ing. the sheS £TS2?J3^^!^ C0 ^ nti ° na ' C °' d - r °" ed steel 
speed of 30«C/second. It was not substantially overaged Thi IZZt * C °° l&i * a C °°' in9 

per-rollmg condition for the stee. sheets produced h^J^S^W^ 9 9 t6mperature and * e torn- 

[0142] The hot-rolled steel sheets and the cold-rolled steel she^l ^I!^ 

drums. The body plates were formed into cylindrical bodta^^»JS^S»^ and f ° P b ° ante ,or 
seaming. In order to optimize the seam-welding condition for 212f f f ! m *** Welded ftrou 9h 

body plates was determined in the same nJwShSS SwSfSJS -l??* W6,din9 CUrrent ran9s ,or *• 
were closed-type. 200-liter drums. The drums were fJutteS? £ . J2f thus-determrned current range, formed 

was appBed to each drum in the ax«! direS)7r^S ^^ZZ^Z^ ° n **** ■ Mc 

obtained are all shown m Table 19a.ongwr»the m ^ 

characteristics of the sheets and ihe drums. 51661 sheet and ^ mechanical 



Code 



Si 
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0.007 
0.004 
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(wt%) 

Remarks 

of the Invention 
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Sample of the Invention 
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drums. Spe<aica«y.r l is»b»tous^^ 

increased mechanical strength "the"*"*" ^T^T' JLonis forcedly deformed to the same degree as in 
(Example 12) 

l0144] ,thesarne_sa^^^ 

cal composition of A1 shown in Table 15. ^^SSSfl ,^1^ they had mill scale on their surface (they 
sheets had a thickness of 1.0 mm. These were ^^^ aoSr dmms h the same manner as abova The body 
are mil. scale-coated sheete.) 

oHne mill scale was measured through X-ray diff ractometry. 



w 



so 
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£5 




[0146] As in Table 20. for the steel sheets of the invention as coated with a thick oxide layer (mill scale) having a small 
magnetite content the oxide layer often peeled while the sheets are formed into drums. However, it is obvious that, 
when the thichness of the oxide layer is reduced to 5 urn or lower, the layer peeling during drum formation is reduced to 
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a negligible degree. On the other hand, when the steel sheets as coated with a relatively thick oxide layer were formed 
into drum bod.es through seam-welding, the electrode abrasion increased in some degree, as compared with steel 
she* havrng no mil. scale (oxide layer). However, for the sheets coated with a thinner oxide layer raving a thicknel 
ni"°H a J, 9er „^ 5 f 71 :^ electrode abrasion was much reduced, or that is. it was nearly comparable to that for ordi- 
nary cold-rolled steel sheets. In order to tower the thickness of the oxide layer to be not larger than 5 urn it fe dSraSe 
S,™lHri hi 7i e " V f y tem P erature in hot-filing is at most 920°C or lower, the time after the end of finish rolling and 
before the start of cooling is at most 0.5 seconds or shorter, and the coiling temperature is at most 600-C TorTower 

SSL th^n SfS !^™ mS T bC fr ° m Nb - contalnf n9 steel sheets having a degree of elongation of not 

2 ^ B a " 35 * "J co S, f ™ 9ra.ns havmg a small mean grain size, according to the second technical idea 
of the .nvennon. The drum-formab.hty of the sheets is good, and the mechanical strength of the drums at room temper- 
ature and even at high temperatures is high. In addition, the frequency of recycling the drums can be increased. 

INDUSTRIAL APPLICABILITY 

222 «. ™ ni ^ e ngth steel sheets of the invention are formed into drums, the mechanical strength of the 
drums at room temperature and at h.gh temperatures is enhanced as compared with that of conventional drums and 
iho^^ rmabil S " *V sneets fe com P arab,e to °' better than that of conventional steel sheets. The thickness of the 
sheets of the invention for drums can be reduced to be lower than that of conventional drum sheets. Therefore acrcrd 
ing to the invention, the production costs for drums are reduced, the body weight of the drums produced can be 
reduced, and the reliability at the seamed parts of the drums produced is much incased. Th^eTrSSa. Svan 
Si?* °L '"r* 00 signHicantly great Moreover, the frequency of recycling the drums of the invention is 

increased, and the invention significantly contributes to the purpose of recycling natural resources. 



Claims 



1. A 



steel sheet to be used as the material for drums, which is characterized by containing: 

C of from 0.01 to 0.10 % by weight 
Si of from 0.01 to 0.20 % by weight 
30 Mn of from 0.05 to 1 .0 % by weight. 

P of at most 0.04 % by weight, 
S of at most 0.03 % by weight, 
Al of from 0.001 to 0.1 5 % by weight, and 
N of from 0.0050 to 0.0200 % by weight. 

35 

with the balance of Fe and inevitable impurities. 

2 ' ^IThH**^ for "Vf imed in dalm 1 " in whlch at ,east 0 0010 % ^ "eight °f N is in the form of solute 
N. and which has a degree of elongation of at least 35 %. 

40 

3. The steel sheet for drums as claimed in claim 1 or 2, which is a cold-rolled steel sheet. 

4. The steel sheet for drums as claimed in daim 1 or 2. which is a mill scale-coated, hot-rolled steel sheet. 

45 5 ' taiTO elh0d produan9 84661 sheete fer drums * wnich copses hot-rolling a steel slab of a cornposHion that con- 

C of from 0.01 to 0.10 % by weight, 
Si of from 0.01 to 0.20 % by weight 
so Mn of from 0.05 to 1 .0 % by wa'ght, 

P of at most 0.04 % by weight. 
S of at most 0.03 % by weight. 
Al of from 0.001 to 0.15 % by weight, and 
N of from 0.0050 to 0.0200 % by weight. 

55 

with the balance of Fe and inevitable impurities, at a finishing delivery temperature of not lower than 800'C then 
cooling rt in an accelerated cooling manner within 2 seconds after the finish of the hot-rolling, and thereafter coilinq 
rt at a coiling temperature of not higher than 680*0. «~ner coning 
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6. The method for producing steel sheets for drums as claimed in claim 5. which further comprises washing the result- 
ing steel sheet with acid. 

7 The method for producing steel sheets for drums as claimed in claim 6. wherein the steel sheet having been 
was^wS MUhSS rolled, and thereafter annealed at a temperature not lower than the recrystall.rat.on tern- 
perature of the steel sheet 

8. The method for producing steel sheets for drums as claimed in any one of claims 5 to 7. which still further com- 
prises temper-rolling the steel sheet. 

9. A steel sheet to be used as the material tor drums, which is characterized by containing: 

C of from 0.01 to 0.10 % by weight, 

Si of from 0.01 to 0.20 % by weight. 
Mn of from 0.05 to 1 .0 % by weight 
P of at most 0.04 % by weight. 
S of at most 0.01 % by weight 
Al of from 0.00 1 to 0.1 5 % by weight, 
N of at most 0.0050 % by weight, and 
Nb of from 0.003 to 0. 1 0 % by weight, 

with the balance of Fe and inevitable impurities. 

1 0. The steel sheet for drums as claimed in claim 9. which additionally contains Ti of from 0.005 to 0.10 % by weight. 

11. Thesteel sheet for drums as claimed in claimSor 10. wherein thegrains in the ferrite phase appearing in the steel 
sheet have a mean grain size of not larger than 10 um. 

12. The steel sheet for drums as claimed in any one of claims 9 to 1 1. which is a mill scaleK»ated. hot-rolled steel 
sheet. 

13. The steel sheet for drums as claimed in claim 12. wherein the mill scale is a film having a magnetite content of at 
least 80 % by volume. 

14. The steel sheet for drums as claimed in claim 12 or 13, wherein the mill scale has a thickness of not larger than 5 

15. The steel sheet for drums as claimed in any one of claims 9 to 1 1 . which is a cold-rolled steel sheet 

16. A method for producing steel sheets for drums, which comprises hot-rolGng a steel slab of a composition that con- 
tains: 

C of from 0.01 to 0.10 % by weight 
Si of from 0.01 to 0.20 % by weight 
Mn of from 0.05 to 1.0 % by weight. 
P of at most 0.04 % by weight. 
S of at most 0.01 % by weight 
Al of from 0.001 to 0.1 50 % by weight. 
N of at most 0.0050 % by weight, and 
, Nb of from 0.003 to 0.10% by weight. 

with the balance of Fe and inevitable impurities, at a finishing delivery temperature of not lower than 750'C, then 
doling it^n an accelerated cooling manner within 2 seconds after the finish of the hot-rolling, and thereafter co.l.ng 
it at a coiling temperature of not higher than 700°C. 
' 17. The method for producing steel sheets for drums as claimed in daim 1 6. which further comprises washing the 
resulting steel sheet with acid. 
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18. The method for producing steel sheets for drums as claimed in claim 16. wherein the steel sheet having been 
washed with acid is cold-rolled, and thereafter annealed at a temperature not lower than the recrystallization tem- 
perature of the steel sheet 

19. The method for producing steef sheets for drums as claimed in any one of claims 16 to 18. which still further com- 
prises temper-rolling the steel sheet. " ~" 

20. A drum composed of a cylindrical body plate, and a top board to be a lid and a base board to be a bottom that are 
fitted to the ends of the body plate and are in the form of a disc; 

the drum being characterized in that one or more of the body plate, the top board and the base board are made 
of any of the steel sheets for drums of claims 1 to 3 and claims 8 to 14. 
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